Several biochemical markers in the cerebrospinal fluid (CSF) of 120 patients with serous meningoencephalitis (SM) of viral origin were compared with those of 74 patients with viral or bacterial infections accompanied by neck stiffness but no CSF abnormality (i.e., meningism). CSF adenylate kinase was higher (P < 0.025) in SM and correlated with lactate concentration (r = 0.37; P < 0.01). CSF hypoxanthine was lower (P < 0.001) in SM, whereas CSF xanthine was similar in the two conditions. The xanthine/hypoxanthine ratio correlated with the CSF leukocyte count (r = 0.32; P < 0.01), and especially with the mononuclear cell count (r = 0.45; P < 0.001). CSF adenylate kinase correlated with fever in SM (r = 0.28; P < 0.01). CSF urate and protein displayed a mutual correlation in both conditions (r = 0.26 and P <0.05 for SM; r = 0.55 and P < 0.001 for meningism). These results support the hypothesis of impaired brain cell metabolism, probably of ischemic nature, in viral meningoencephalitis, causing leakage of adenylate kinase into the CSF, where hypoxanthine may be reutilized by mononuclear leukocytes.
The pathophysiology of meningoencephalitis is complex and not fully understood (9) . It is assumed that reduced cerebral blood flow and oxygen uptake are linked to this condition (16) . It has been demonstrated experimentally that a membrane fraction of granulocytic leukocytes is cytotoxic to rat cortical brain slices in vitro causing cellular swelling and increased lactate production with energy depletion (10) . The cerebral perfusion pressure will decrease if the intracranial pressure is raised, and this is accompanied by an increase of the cerebrospinal fluid (CSF) lactate concentration (14) . However, there seems to be no correlation between the intracranial pressure and CSF lactate concentration in meningoencephalitis (7) . Thus, under these conditions several factors may act in synergism, eventually leading to severe metabolic disturbances.
Based on a proposed disturbance in brain cell metabolism, the aim of the present investigation was to study some biochemical markers in CSF of patients suffering from acute viral meningoencephalitis. These markers have proven useful for the detection and follow-up of other ischemic brain disturbances. In cerebral hemorrhage and infarction, the release of adenylate kinase (AK) into CSF is an early and sensitive marker of cerebral ischemia (1, 17, 18, 22 ). An increased catabolism of adenine nucleotides occurs in tissue hypoxia (5) , and such catabolic metabolites readily enter CSF in ischemic brain disease (6, 19) . Therefore, analysis of CSF xanthine and hypoxanthine was included in the present study. (20, 23) . Patients with bactenral meningitis (suspected or proven), organic central nervous system disease, endocrine disorders, uremia, severe electrolyte disturbances, and drug reactions were excluded. For practical reasons, patients suffering from herpes simplex encephalitis were also excluded, since they followed a separate routine. All other patients undergoing a lumbar puncture were entered into the study. Table 2 ). The mean rectal temperature and blood leukocyte count of these patients on admission were 38.5'C and 7.7 x 109/liter, respectively, and these figures were close to the corresponding ones of 74 patients with a CSF leukocyte count of less than 6 cells per mm3 (NM group) ( Table 2) . A significantly higher CSF AK activity was noted in the SM group than in the NM group, and this was also true for CSF lactate (Table 3) . Some of the patients in the SM group displayed rather high amounts of CSF AK, while others had minute amounts. The range of lactate was narrower ( Table  3 ). The CSF hypoxanthine concentration was significantly lower in the SM patients than in the NM patients, and this contrasted to the small and insignificant difference noted for CSF xanthine (Table 3 ). The xanthine/hypoxanthine ratio in CSF of the SM patients was about twice that of the NM patients, and this difference was significant (Table 3) . Six (16%) of our NM patients displayed a ratio of >1.00. Conversely, 18 (29%) of our SM patients had a ratio of <1.00. None of these subgroups of patients had any other feature in common. A comprehensive view of these relationships is given in Fig. 1 ; this illustrates the comparative distribution of biochemical values for AK, hypoxanthine, and xanthine/hypoxanthine ratio in SM and NM patients. It is clear that a majority of the NM patients, in contrast to the SM patients, displayed a xanthine/hypoxanthine ratio that was less than 1.0 (right of demarcation line). CSF urate and protein were significantly elevated in the SM group, while there was no difference between SM and NM patients in CSF glutathione or creatinine (Table 3) . Those subgroups of SM and NM patients whose CSF was analyzed for the oxypurines, urate, and creatinine had AK and lactate levels similar to those of the entire SM and NM groups and the pleocytosis level was the same in the subgroup as in the total group of SM patients.
MATERIALS AND METHODS
CSF AK correlated significantly with CSF lactate in the SM patients (Table 4) but not in the NM patients (Table 5 ). In the SM patients, CSF AK also correlated significantly with CSF leukocyte count, xanthine, and fever but not with protein or hypoxanthine (Table 4) . Xanthine and hypoxanthine displayed a linear correlation (Fig. 2) .
Significant linear relationships were not found between xanthine, or hypoxanthine, and CSF leukocyte count (Table  4) . However, the xanthine/hypoxanthine ratio correlated significantly with the CSF leukocyte count (r = 0.32; P < 0.01), and this relationship was strengthened by replacing the total leukocyte count with only the mononuclear cells in CSF (r = 0.45; P < 0.001) ( Table 4) . Significant correlations were also found between CSF urate and protein in both groups of patients, although the correlations were more pronounced in the NM group (Fig.  3) . The correlation coefficients for some other regression analyses are given in Tables 4 and 5 . None of our correlations were related to the ages of the patients.
DISCUSSION
CSF AK and lactate of patients with SM of viral etiology were significantly elevated compared with those of patients who presented with symptoms and signs of an acute febrile infection, including neck stiffness, but who displayed <6 leukocytes per mm3 of CSF (NM patients). Further, there was a significant correlation between AK and lactate among the former but not among the latter patients. In addition, AK correlated with the CSF leukocyte count and with fever on admission. The increased AK activity in SM confirms a previous study with a smaller number of patients (13) . That study included a group of nine patients with proven or probable bacterial meningitis who showed significantly higher CSF AK and lactate values than the groups with SM or NM. Although it has been known for more than 50 years that elevated CSF lactate occurs in bacterial meningitis, there has been some controversy over whether CSF lactate is also increased in patients suffering from SM (4, 7, 12; H. Briem and E. Hultman, submitted for publication). The mean CSF lactate values in the two categories of patients studied here were very close to those reported in a recent publication on CSF lactate in meningitis (4) .
The elevated AK values found in our SM patients may be the result of a relative ischemia in the brain due to a reduced cerebral blood flow (16 (18) . The significant correlation between CSF AK and xanthine also favors the view that the brain cells were the common source of these two compounds. Although CSF xanthine and protein were correlated, there was no consistent pattern to suggest a passive transfer of xanthine from the blood plasma compartment, since it did not correlate with CSF urate. In addition, the chemical gradient for xanthine, which is in the reverse direction, does not favor a transfer from blood to CSF. A contribution of AK from the CSF leukocytes cannot be ruled out, since a correlation existed between CSF AK and the leukocyte count. This influence should be minor, however, because the CSF samples were immediately cooled and centrifuged twice, and such treatment has been shown to remove the influence of erythrocytes on CSF AK activity (11) . Thus, there are reasons to believe that CSF AK in SM patients originated from the brain cells due to pathophysiological changes, resulting in disturbed cell integrity. A linear relationship was indeed noted between the magnitude of brain tissue involvement in ischemic brain disease and the release of AK into CSF (18, 22) . The corollary of such a proposal would be that CSF AK more directly reflects the pathophysiological process in the brain tissue than CSF pleocytosis, being a secondary inflammatory response.
The oxypurines xanthine and hypoxanthine may be end catabolic products in brain metabolism, since there seems to be very little, if any, xanthine oxidase activity in brain tissue (3) . CSF hypoxanthine was significantly lower in the SM patients than in the NM patients, whereas no significant difference was recorded in the xanthine concentration. However, when compared with recent findings in an apparently healthy reference group (2), the hypoxanthine concentration was significantly elevated in the present NM group (P = 0.014) but not significantly altered in the SM group (P = 0.159). By a similar comparison, xanthine was significantly elevated in both the NM and SM groups (P = 0.008 and 0.001, respectively). Hence, hypoxanthine and xanthine both seem to be released into CSF in NM as well as in viral meningoencephalitis, although no increase in hypoxanthine concentration occurs in the latter condition. This may be explained by reutilization of these two purine compounds, predominantly hypoxanthine, as substrates in anabolic reactions in the CSF leukocytes. This concept is supported by the significant correlation between the xanthine/hypoxanthine ratio and the leukocyte count (Table 4 ). This relationship was strengthened when only the mononuclear cells were taken into account and abolished when the polymorphonuclear cells were considered (r = -0.16); thus, these findings suggest that only mononuclear cells have this capacity of reutilization. In another study on a small number of patients, the hypoxanthine concentration in CSF was reported to be significantly increased in bacterial meningitis but uninfluenced in SM as compared with controls (Briem and Hultman, submitted). Thus, not unexpectedly, patients with infectious disease and NM may have biochemically abnormal CFS as in bacterial or viral meningoencephalitis, although they do not meet the traditional criteria for such a diagnosis.
The CSF urate and protein concentrations were significantly increased to about the same extent in our SM patients. A relatively weak correlation (r = 0.26; P < 0.05) existed for these two compounds in the SM patients, whereas in the NM patients the corresponding correlation was quite evident (r = 0.55; P < 0.001). Since brain tissue seems to contain, at the most, minute amounts of xanthine oxidase activity (3), very little urate should be endogenous to CSF. Accordingly, the CSF urate content in both groups of patients was most probably the result of a passive transfer from blood into CSF. The difference in correlation coefficients in SM and NM patients indicates that the simple leak kinetics across inflammed meninges may be different for a low-molecular-weight substance of a nonprotein nature, like urate, than for protein. One would expect that similar protein molecules should display a more congruent behaviour in this respect. Therefore, the nonsignificant correlation between the increased amounts of CSF AK and protein, predominantly albumin (although these substances have somewhat different molecular weights), in SM patients give further support to the view that the CSF AK of SM patients was indeed released from brain cells.
